The possible stellar origin of those short-lived nuclei that were shown to be alive in the early solar system is briefly discussed. A possible revival of the model for a close-by AGB star polluting the protosolar nebula depends on the strongly debated problem of the initial amount of 60 Fe, as inferred from recent measurements in early condensates.
Introduction
Several radioactive isotopes were shown to be present in the early solar system from measurements on primitive meteoritic samples. Among them, we consider here only the short − lived ones, i.e. those that are presently extinct on the Earth, after 4.566 × 10 9 yr from the formation of the solar system (Bahcall et al. 1995 , Allègre et al. 1995 . The above definition of short-lived nuclei includes isotopes with meanlives in a large range, from 115 Myr for 244 Pu down to 0.15 Myr for 41 Ca. The presence of short-lived nuclei in the early solar system can be established today from the decay products, after demonstration that their excess is quantitatively correlated with the chemical properties of the parent element, not with the daughter element (Lee et al. 1976 , Wasserburg 1987 ). Table 1 summarizes the present status of short-lived radioactivities in the Early Solar System (ESS). The first column lists the radioactive nuclide (R), the second the stable reference isotope (S), the third the meanlife of R, and the fourth the ratio (N R /N S ) for the initial state of the solar system, as estimated from the measurements. The column labeled 'Place" refers to the class of objects in which clear evidence has been found for the presence of R. This means that for very early condensates, like CAIs, the measurement and the data for the initial state (column 4) coincide. When instead measurements refer to younger samples, like e.g. for 107 Pd, then the initial abundance should be higher than measured. The initial value depends on estimates for the sample age and on the meanlife of the isotope. For recent reviews see Podosek & Nichols (1997) , Busso et al. (1999 Busso et al. ( , 2003 , Goswami & Vanhala (2000) , Wadhwa & Russell (2000) .
2 A multiple astrophysical origin of short-lived radioactivities in the Early Solar System
For the short-lived nuclei listed in Table 1 , different nucleosynthetic origins may be envisaged. They include the continuous production/destruction in the Galaxy by different stellar sources (Schramm & Wasserburg 1970 ), a local pollution by a nearby star (Cameron & Truran 1977 , Wasserburg et al. 1994 ), the in situ production through spallation processes by cosmic rays, either by local cosmic ray or by the X-winds of the Sun in its T Tauri 
A Nearby stellar source
In the case of prompt contamination of the local ISM at t = ∆ 1 after the protosolar nebula collapse, whatever the stellar source, one obtains (Busso et al. 1999 ):
R,S is the abundance ratio (radioactive nucleus to stable reference nucleus) established in the solar nebula at t = ∆ 1 , q S,w /q 0 is the enrichment factor of the stable nucleus S in the stellar wind ejected by the star relative to the ISM; t = 0 is the time of ejection (assumed to be instantaneous), (N R /N S ) w is the abundance ratio (radioactive to stable) in the wind, f 0 is the mixing ratio of wind material with the protosolar nebula at t = 0 andτ R is the lifetime of nuclide R.
Abundances measured in planetary differentiates that formed later, at t = ∆ 2 (as is the case for Pd), can be obtained by applying the further exponential decay factor to the radioactive nuclei of interest. Absolute dating of both ESS samples and of planetary differentiates yield values for ∆ 2 of the order of few Myr. This is in accord with other arguments that require a relatively short but significant time delay for protoplanet formation. It is also possible that values of ∆ 2 be slightly different for different samples; this also means that, for example, the time delay to be considered for 107 Pd may be slightly but significantly different from the one related to 60 Fe measurements.
AGB prediction of short-lived nuclei
The scenario of an AGB star polluting the Early Solar Nebula was first explored quantitatively by Wasserburg et al. (1994) . 26 Al is produced in the H-burning shell by proton captures on 25 Mg, at a ratio 26 Al/ 27 Al ≈ 1. However, a major fraction of the 26 Al present in the ashes of H burning is subsequently strongly depleted during the next convective He-flash when neutrons are released by the 22 Ne source. This depletion is due to the resonant (n,α) and the (n,p) channels on 26 Al, whose total cross section amounts to 300 mbarns at 30 keV (the radiative neutron capture channel has a cross section of only 4 mbarn). Consequently, the s-processed material that is mixed with the envelope by recurrent third dredge up episodes at the quenching of a thermal pulse contains only a minor fraction of 26 Al. However, an extra source of 26 It is very important to notice that, besides 10 Be, other short-lived nuclei, like e.g. 53 Mn, 129 I, 146 Sm, are not produced by an AGB star, because they are by-passed by the s-fluence. 182 Hf is produced only marginally via the neutron branching at the unstable 181 Hf. Similarly, because of the termination of the s-path at 208 Pb and 209 Bi, there is no production of transuranic species by an AGB star. On the other hand, some of the above nuclei are among the typical products of supernovae. As an example, a very large production of 53 Mn occurs in Type II SNe explosions, in the deep layers surrounding the Fe-Ni core . The uniform production of 53 Mn in the interstellar medium by the continuous recycling of Type II SNe material may easily explain the 53 Mn measured in the early solar system (Wasserburg et al. 1998 ). Another case is the isotope 129 I, belonging to the rprocess, which is also attributed to supernovae. The observed abundance of 129 I can be ascribed to the long term production of r-process nuclei in the Galaxy, provided the solar system material had been isolated from the effects of such nucleosynthesis events for about 10 8 years . A similar situation concerns 182 Hf, whose solar system abundance ratio to 180 Hf requires instead an isolation of the ISM from nucleosynthesis events for only 10 7 yr, which fact motivated Wasserburg et al. (1996) to predict at least two different sources of r-process material from SNe of diverse origin.
As stated before, in AGB stars, the s-processing occurring in the He intershell, that is the 4 He-rich and 12 C-rich region comprised betweem the H shell and the He shell, builds up several short-lived nuclei; among them, the most critical for the early solar system measurements are 41 60 Fe and 107 Pd, the s-process production of each of them informs us on different physical parameters of the production site. 41 Ca is fed via the radiative neutron capture on the abundant 40 Ca. The original 40 Ca is typically decreased by only 20 % in the He intershell, and by ≈2 % in the envelope at the end of the AGB phase. The production ratio 41 Ca/ 40 Ca is given by the inverse of the cross sections and is independent of the 13 C-pocket efficiency. In the case of 107 Pd, which lies on the main path of the sfluence, while the ratio 107 Pd/ 108 Pd also remains almost constant during the s-flow, being inversely proportional to the cross section ratio, the production of its reference stable nucleus, 108 Pd, depends strongly of the 13 C-pocket efficiency.
The major open problem of 60 Fe
Synthesis of 60 Fe requires two neutron captures: first on stable 58 Fe and then on unstable 59 Fe (τ = 65.4 days); operation of the reaction branching here, through the neutron-rich channel feeding 60 Fe, needs high neutron densities, to be competitive with the rather short neanlife of 59 Fe. A high neutron density peak of short duration is released during a He flash, where the temperature is high enough to activate the 22 Ne(α,n) 25 Mg reaction. Virtually no 60 Fe production occurs in the low-neutron density 13 C-burning phase.
Let us discuss the various uncertainties on which the 60 Fe production may depend. A major uncertainty in the 60 Fe yield is related to the values of the neutron capture cross sections for both 59 Fe and 60 Fe, for which only theoretical estimates exist. The most recent estimates are from Rauscher & Thielemann (2000) : < σ >( 59 Fe,30keV) = 22.5 mbarn, and < σ >( 60 Fe,30keV) = 5.3 mbarn, with uncertainties of 25% and 35%, respectively. The 60 Fe yield does not depend much on the neutron capture cross section of 60 Fe itself, which is rather small. Previous theoretical prediction for the cross section of 59 Fe dated back to Woosley et al. (1978) , and was a factor of 2 lower. It is clear that the experimental determination of the cross section of 59 Fe, though very challenging with present techniques, would be of extreme interest for these studies. A second source of uncertainty depends on the choice of the rate for the reaction 22 Ne(α,n) 25 Mg. In the range of values for this rate allowed by the present uncertainty of its 838 keV resonance alone, (see Gallino et al. 1998 and references therein), a further factor-of-two uncertainty in the 60 Fe yield should be added.
In the past years, any production of 60 Fe in AGB stars appeared as viable for explaining the early solar system concentration, whose allowed range extended to rather low 60 Fe/ 56 Fe values (Shukolyukov & Lugmair 1993 ). In the works by Wasserburg et al. (1994) and Busso et al. (1999) , the 60 Fe/ 56 Fe ratio in the production zone was found ranging from 10 −4 to 10 −3 . This provided full compatibility of an AGB source with estimates of the ESS inventory of 26 Al, 41 Ca, 60 Fe and 107 Pd among stellar models with low amounts of neutron captures. Table 2 The much higher recent estimates of the 60 Fe concentration in the early solar nebula, by an order of magnitude higher than reported in Table 2 , makes in trouble the idea of an AGB star polluting the early solar system, and we need to explore the parameter space to look for a possible increase in the 60 Fe production by AGBs. Table 2 . Short-lived nuclei from a low mass star with cool bottom processes.
Ref. 25 Mg reaction goes roughly as T 21 , an increase by 20% of the maximum temperature would correspond to a factor ≈50 higher in the peak neutron density.
Among the most interesting cases so far analyzed, an AGB model of 1.5 M and metallicity 1/6 solar provides a production factor 60 Fe/ 56 Fe that is 38 times higher than the one reported in Table 2 . This increase is only partly damped by the lower concentration of 56 Fe (roughly a factor of 6, like for the total metallicity). Hence, if the solar system was polluted by an AGB star of such a low metal content, then a global increase by 38/6 = 6.3 is possible in the AGB contribution to the initial 60 Fe/ 56 Fe ratio, as compared to previous low mass star estimates. This corresponds to a ratio of 60 Fe/ 56 Fe at ∆ 1 of 3 ×10 −7 , already in the range allowed by the most recent set of measurements. An even higher ratio, by a further factor of 5, is provided by an AGB model of 2 M and half solar metallicity. It is important to notice that this does not compromise the already good results for 26 Al, 41 Ca, and 107 Pd.
The scenario depicted here for early solar system radioactivities has not to be necessarily the same as the one explaining γ-ray fluxes in the Galaxy. Actually, recent measurements (Smith, these Proceedings) show that the 26 Al and 60 Fe abundances toward the galactic center may be compatible with expectations from massive stars by Timmes et al. (1995) . The explanation of the early solar system concentrations needs to satisfy a number of complementary constraints from various radioactive nuclei, whose ensemble seems to exclude a massive supernova as the contaminating source ).
